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(54) Channel distribution system 

(57) On the basis of information indicating a mas- 
ter/slave assignment from a base station control-station, 
information on the channel interference levels, desired 
channel numbers, etc. is exchanged between a master 
station and each slave station, and then the master sta- 
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tion assigns radio channels based on the information 
thus exchanged to the respective slave stations, thereby 
performing the optimum assignment of the radio chan- 
nels in a radio system. 
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Description 

RACKGROUND OF THE INVENTION 

1. Held of the Invention 

[0001] The present invention relates to assign 
channel distributing system and method for assigning 
radio channels optimally to a radio system in a system 
(wireless local loop) which uses a radio system com- 
prising cellular telephones, etc. and contains general 
subscribers (telephones). 

2. Description of the Related Art 

[0002] An optimum arrangement of radio channels 
is an rtem indispensable to effectively use definite fre- 
quency resources. 

[0003] As a channel arrangement system, there are 
known an interleave channel arrangement system or a 
split channel arrangement system, in which the center 
frequencies of respective channels are located between 
normal channel intervals. In these methods, it is impos- 
sible to use adjacent channels in the same cell because 
the spectra are overlapped between these channels. 
Further, even if use of adjacent cells is restricted, it suf- 
fers restriction due to interference conditions, and thus 
the drastic improvement of the use efficiency in fre- 
quency has not yet been achieved. However, it wold be 
possible to assign adjacent channels if the cells which 
use adjacent channels are separated from each other 
approximately the distance corresponding to the inter- 
val between second adjacent cells. In this case, how- 
ever, the channel use efficiency is extremely lowered if 
the traffic distribution is not uniform. 
[0004] In order to solve these problems, there has 
been proposed a dynamic channel arrangement system 
for selecting channels which are within a fixed distance 
range from a cell and are not used in interference cells. 
However, this system has such a disadvantage that it is 
necessary to process information bridging over many 
* base stations at high speed by a center station in con- 
formity with the increase/reduction of traffic (an amount 
of information flowing per fixed time). 
[0005] Further, there has been also proposed a dis- 
tributed dynamic channel arrangement system in which 
each base station is provided with a priority function on 
channel use and the priority function is varied according 
to the magnitude of the interference level of each chan- 
nel. However, this system has such a disadvantage that 
the interference relationship between the interference 
level measured by an individual base station and the 
interference level measured by other base stations is 
unclear and thus this system does not support timely 
traffic variation. 

[0006] The above systems are descrbed in more 
detail by Kuwahara in "4.2.3 Channel Arrangement (pp 
132-136) of Chapter 4 of "DIGITAL MOBILE COMMU- 
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tti 1MMARV OF THE INVENTION 

5 [Q007] An object of the present invention is to pro- 
vide an assign channel distributing system and method 
which can perform an optimum radio channel assign- 
ment to a radio system. 

[0008] According to a first aspect of the present 
10 invention, there is provided an assign channel distribut- 
ing system which comprises plural base stations which 
communicate with subscriber terminals, and a base sta- 
tion control-station for sending to the plural base sta- 
tions information indicating whether each base station 
is should serve as a master station or slave station (i.e.. an 
assignment of a master station or a slave station to 
each of the base stations, and it is hereinafter referred 
to as "master/slave assignment). 
[0009] According to a second aspect of the present 
20 invention, there is provided an assign channel distribut- 
ing method which comprises a first step of performing 
communications between a stbscriber terminal and 
plural base stations, and a second step of sending to 
the plural base stations information indicating whether 
25 each base station serves as a master station or a slave 
station. 

[001 0] According to the assign channel distributing 
system and method of the present invention, on the 
basis of the information indicating the master/slave 
30 assignment which is sent from a base station control- 
station to the respective base stations, the information 
on the channel interference level, the desired channel 
number, and the lite is exchanged between the master 
station and each slave station, whereby the master sta- 
35 tion performs the radio channel assignment on the slave 
stations on the basis of the information on the channel 
interference level, the desired channel number, and the 
like. 

40 RRIFF DESCRIPTION OF THP DRAWINGS 
[0011] 

Fig. 1 is a block diagram showing a first embodi- 
45 ment of an assign channel distributing system 
according to the present invention; 
Fig. 2 is a sequence diagram showing the operation 
of the assign channel distributing system shown in 
Fig-1; 

so Fig. 3 is a sequence diagram showing the operation 
of the assign channel distributing system shown in 
Fig.1; 

Fig. 4 is a sequence diagram showing a second 
embodiment of the assign channel distributing sys- 
55 tern according to the present invention; 

Fig. 5 is a sequence diagram showing the second 
embodiment of the assign channel distrftxrting sys- 
tem according to the present invention; 
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Fig. 6 is a sequence diagram showing a third 
embodiment of the assign channel distributing sys- 
tem according to the present invention; 
Fig. 7 is a sequence diagram showing the third 
embodiment of the assign channel distributing sys- s 
tern according to the present invention; 
Fig. 8 is a sequence diagram showing a fourth 
embodiment of the assign channel distributing sys- 
tem according to the present invention; and 
Fig. 9 is a sequence diagram showing the fourth io 
embodiment of the assign channel distributing sys- 
tem according to the present invention. 

DETAILED DESCRIPTION OF THE PREFFRFf Pp 
EMBODIMENTS y5 

[0012] Preferred embodiments according to the 
present invention will be described hereunder with refer- 
ence to the accompanying drawings. 

20 

(First Embodiment) 

[0013J Fig. 1 is a block diagram showing a first 
embodiment of an assign channel distributing system 
according to the present invention, and Figs. 2 and 3 are 25 
sequence diagrams showing the operation of the assign 
channel distributing system shown in Fig. 1. 
[0014J The assign channel distributing system 
shown in Fig. 1 has exchange 1 and base station con- 
trol-station 2 for exchanging a radio access system. The 30 
exchange 1 is connected to a PBX (Private Branch 
Exchange) 101. The exchange 1 and the PBX 101 are 
connected to telephones 5. The base station control- 
station 2 is connected to base stations (A.B) 3 through 
antenna 201 or cable 202 containing optical f toers. 35 
[0015] The base station (A) 3 has antennas 301, 
302 and circuits 310, 311. The circuit 310 serves to 
receive/send radio signals from/to the base station con- 
trol-station 2. The circuit 31 1 converts both of radio sig- 
nals from the base station control-station 2 and radio 40 
signals from subscriber terminal 4. The base station (B) 
3 has antenna 302 and circuits 312, 313. The circuit312 
has the same function as the circuit 31 1 , and the circuit 
313 serves to convert electrical signals sent through the 
cable 202 to radio signals and output the radio signals 45 
to subscriber terminal 4. 

[001 6] Each subscriber terminal 4 has antenna 401 
and circuits 410 to 412. The antenna 401 serves to 
receive/send radio signals fronVto each base station 3, 
and the circuit 410 converts electrical signals to radio so 
signals. The circuits 41 1 . 41 2 converts the radio signals 
from the antenna 401 to telephone interface signals. 
These circuits 41 1 , 412 are connected to telephones 5. 
[0017] The connection between the exchange 1 
and the base station control-station 2 may be performed 55 
under a radio (wireless) concfition or a wire condition. 
[0018] The exchange 1 may be a private branch 
exchange or the like. The connection between the base 



station control-station 2 and the base stations (B) 3 may 
be performed through any medium which can perform 
communication transmission such as radio, optical fib- 
ers, metal wires or the like. 

[0019] A point-point system or a point-multipoint 
system may be use as an access system between the 
base station control-station 2 and the base stations 3. 
Further, if a point-multipoint system (a point-point sys- 
tem is possible) is based as a multiplexing system for 
the connection between the base station 3 and the sub- 
scriber terminal 4, TDMA (Time Division Multiple 
access) system, FDMA (Frequency Division Multiple 
access) system, CDMA (Code Division Multiple access) 
system, or the like may be used. Further, as a radio 
access system between the base station 3 and the sub- 
scriber terminal 4 may be used GSM (Global System for 
Mobile Communication), AMPS (Advanced Mobile 
Phone Service), PDC (Personal Digital Cellular Tele- 
communication), PCS (Personal Communications Sys- 
tem), DECT (Digital European Cordless 
Telecommunication). PHS (Personal Handy Phone Sys- 
tem), or the like. The subscriber terminals 4 and the tel- 
ephones 5 may be connected to one another in a one- 
to-one connection style or one-to-multi connection style. 
[0020] Next the operation of the assign channel 
cfistributing system thus constructed will be described 
with reference to Figs. 2 and 3. 
[0021] First the base station control -station 2 
sends to the base stations (A.B) 3 information indicating 
whether each base station plays a role as a master sta- 
tion or a slave station, and information indicating an 
assignment of inherent numbers to the respective base 
stations 3. Here, it is assumed that the base station (A) 
3 serves as a master station and the base station (B) 3 
serves as a slave station. 

[0022] Thereafter, the base station (A) 3 serving as 
the master station sends a "CH information request" to 
the base station (B) 3 serving as the slave station. The 
CH information request is a signal for requesting infor- 
mation on channel interference level, a desired channel 
number, etc. which is held in the base station (B) 3 serv- 
ing as the slave station. 

[0023] The base station (B) 3 serving as the slave 
station sends this information to the base station (A) 3 
serving as the master station as "CH information*. On 
the basis of this information, the master station (A) 3 
determines the radio channel arrangement (assign- 
ment) which does not affect the surroundings, and 
sends it as "CH assignment information" to the slave 
stations (B) 3. 

[0024] After the above operation is finished, a call 
reception (receive) to the subscriber terminal 4 is per- 
formed on the basis of the arrival of a call reception sig- 
nal from the exchange 1 through the base station 
control-station 2 at the base station (B) 3 serving as the 
slave station. At this time, the slave station (B) 3 assigns 
the radio frequency to be used to the subscriber termi- 
nal 4 on the basis of the "CH assignment information" 
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obtained through the above sequence. 
[0025] When a call is entitled from the subscriber 
terminal 4, a radio channel which is obtained on the 
basis of the "CH assignment information" as in the case 
of the above sequence is assigned between the sub- 
scriber terminal 4 and the base station (B) 3 serving as 
the slave station, and a call is connected through the 
slave station (B) 3, the base station control-station 2 
and the exchange!. 

[00261 As descrtoed above, according to the first 
eirfcodiment. on the basis of the information intfcating 
the master/slave assignment from the base station con- 
trol-station 2. the information on the channel interfer- 
ence levels, the desired channel numbers, etc. is 
exchanged between the master station (A) 3 and each 
stave station (B) 3, and then the master station (A) 3 
assigns the radio channels on the basis of the informa- 
tion thus exchanged to the respective slave stations (B) 
3, thereby performing the optimum assignment of the 
radio channels in the radio system. 
[0027] Use of the above system can achieve the 
instantaneity of the channel assignment and the reduc- 
tion of information amount which have been hitherto dif- 
ficult to be achieved by the conventionally-proposed 
centralized dynamic channel arrangement system. Fur- 
thermore, this system can also solve the disadvantages 
in the matching with the variation of traffic, the intercon- 
nection with control of other base stations, etc. which 
have been hitherto diff icult to be achieved by the decen- 
tralized dynamic channel arrangement system. 

(Second Embodiment) 



[0028] Figs. 4 and 5 are sequence diagrams show- 
ing a second errfcodiment of the assign channel distrib- 
uting system according to the present invention. 
[0029] In the second embodiment a base station 
(A) 3 is assumed as a master station, and base stations 
(B,C) 3 are assumed as slave stations. That is. the base 
station (A) 3 sends "CH information request- to each of 
the base stations (B.C) 3 serving as the slave stations, 
and then receives "CH information" from each slave sta- 
tion. Thereafter, the master station (A) 3 collects infor- 
mation on interference level, a desired channel number, 
etc. from each slave station (B.C) 3. selects radio chan- 
nels having no effect on the surroundings to the slave 
station (B.C) 3 on the basis of the information thus col- 
lected, and then sends "CH assignment information" to 
each of the slave station (B.C) 3. whereby an optimum 
channel assignment can be performed. 
[0030] In this case, even when the base station (B) 
serving as the slave station does not know which one of 
the base stations (AC) 3 is the master station, the base 
station (B) can specify the master station on the basis of 
an inherent number assigned to the base station serv- 
ing as the master station. The inherent numbers 
assigned to the base stations may be settled so that 
each base station is obedient to a base station having 



an inherent number smaller than that of the base station 
concerned. 

[0031 ] The above operation may be carried for the 
-CH assign" operation at any time, for example, at the 
s start time, during an actual use period. 

(Third Embodiment) 

[0032] Figs. 6 and 7 are sequence diagrams show- 
to ing a third errbodiment of the assign channel distribut- 
ing system according to the present invention. 
[0033] In the third embodiment, even when the 
base station (A) 3 serving as the master station does 
not communicate with any one of the base stations 
is (B.C) 3 serving as the slave station, the master station 
(A) 3 can communicate with the incommunicable slave 
station by getting relating information through any slave 
station other than the incommunicable slave station, m 
this embodiment the base stations 3 are assumed to be 
20 provided with inherent numbers of No. 1 to No.3. 
respectively. 

[0034] Here, it fe assumed that it is impossible to 
establish the communication between the master sta- 
tion (A) 3 and the slave station (C) 3. In this case, the 
25 master station (A) 3 first sends "CH information request" 
to the slave station (B) 3. and then the slave station (B) 
3 sends "CH information request" to the slave station 
(C) 3. The "CH information" output from the slave sta- 
tion (C) 3 is sent via the slave station B(3) to the master 
30 station (A) 3. The "CH assignment information" also 
sent via the slave station (B) 3 to the slave station (C) 3. 
[0035] Furthermore, when the master station (A) 3 
does not communicate with any one of the slave sta- 
tions (B.C) 3, the above sequence may be performed on 
35 the basis of an instruction from the base station control- 
station 2. Even when the master station (A) 3 cannot 
communicate with any one of the slave stations (B.C) 3 
in the course of the operation, the master station can 
communicate with the incommuracable slave station 
40 through the above relay communication. 



(Fourth Embodiment) 

[0036] Figs. 8 and 9 are sequence diagrams show- 
45 ing a fourth errbodiment of the assign channel cfistribut- 
ing system according to the present invention. 
[0037] The fourth embodiment contains all the 
cases described in the f irst to third embodiments. That 
is. when the base station (A) 3 serving as the master 
so station cannot communicate with at least one of the 
base stations (B. C. D) 3 serving the slave station, the 
master station (A) 3 can communicate with the incom- 
municable slave station through the relay communica- 
tion operation by the slave stations (RC.D) 3. In this 
55 case, each slave station (B.C.D) may perform the relay 
communication operation on the basis of an instruction 
from the base station control-station 2. In this embodi- 
ment the base stations 3 are assumed to be provided 
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with inherent numbers of No. 1 to No.4. respectively. 
[0038] For example, it is assumed that the base sta- 
tion (A:No. 1) 3 can communicate with only the base sta- 
tion (C.No.3) 3 and the base station (C:No.3) 3 can 
communicate with the base station (B: No. 2) 3. In this s 
case, since the inherent number (No.2) assigned to the 
base station (B:No. 2) 3 is larger than the inherent 
number (No. 1) assigned to the base station (A:No.1) 3, 
the base station (C:No. 3) 3 can perform the relay com- 
munication with the base station (B:No.2) 3 with setting w 
the base station (A:No.1) as the master station. If the 
base station (A:No.1) 3 is beforehand known as the 
master station, the above operation is unnecessary. 
[0039] Further, when the base station (B: No. 2) 3 
can communicate with both the base station (C:No.3) 3 is 
and the base station (D:No.4) 3, the base station 
(B:No.2) 3 can perform the relay communication with 
the base station (D:No.4) with setting as a master sta- 
tion the base station (C:No.3) whose inherent number is 
smaller than the inherent number of the base station (D* 20 
No.4). 

[0040] Still further, when the base station (A:No. 1 ) 3 
can communicate with only the base station (C:No.3) 3 
and the base station (C:No.3) 3 can communicate with 
both the base station (B:No.2) 3 and the base station 25 
(D:No.4) 3. the base station (C:No.3) 3 performs the 
relay communication operation in the same way as 
described above. The relay communication operation of 
the base station (C:No. 3) 3 may be carried out on the 
basis of an instruction from the base station control-sta- 30 
tion2. 

[0041] According to the assign channel distributing 
system and method of the present invention, on the 
basis of the information incficating the master/slave 
assignment from the base station control-station, the 35 
information on the channel interference levels, the 
desired channel numbers, and the like is exchanged 
between the master station and each slave station, and 
then the master station assigns the radio channels 
based on the information thus exchanged to the respec- 40 
tive slave stations, thereby performing the optimum 
assignment of the radio channels in the radio system. 



Claims 



1 - An assign channel distributing system comprising: 



45 



as the slave stations and receives as CH informa- 
tion, information which is held in said one or more 
base stations, and then sends to said one or more 
base stations CH assignment information for deter- 
mining an arrangement of radio channels which do 
not affect the surroundings. 

3. The assign channel distributing system as claimed 
in claim 1. wherein said information to be sent from 
said base station control-station to said base sta- 
tions contains inherent numbers indicating the mas- 
ter/slave assignment to said base stations. 

4. The assign channel distributing system as claimed 
in claim 2, wherein said CH information request is a 
signal for requesting information that contains a 
channel interference level and a desired channel 
number, which are held in each base station serv- 
ing as said slave station. 

5- The assign channel distributing system as claimed 
in daim 2, wherein each base station serving as 
said slave station assign a radio frequency to be 
used to a subscriber terminal on the basis of the CH 
assignment information. 

6. The assign channel distrfcuting system as claimed 
in daim 3, wherein each base station serving as 
said slave station identifies said base station serv- 
ing as said master station on the basis of said inher- 
ent nurtber thereof. 

7. The assign channel distrtouting system as claimed 
in claim 1 , wherein if ft is impossible to establish the 
communication between the base station serving 
as the master station and at least any one of the 
base stations serving as the slave stations, said 
master station communicates with the incommuni- 
cable slave station while relaying through the base 
station serving as the slave station with which said 
master station can communicate. 

a The assign channel distrtouting system as daimed 
in daim 7, wherein the relay communication is per- 
formed on the basis of an instruction from said base 
station control-station. 



plural base stations which communicate with 
subscriber terminals; and 

a base station control-station for sending to so 
said plural base stations information indicating 
whether each of said base stations should 
serve as a master station or slave station. 

2. The assign channel distribution system as claimed 55 
in claim 1. wherein the base station serving as the 
master station sends a CH (channel) information 
request to one or more other base stations serving 



9. 



An assign channel distributing method comprising 
the steps of: 

a first step of performing communications 
between a subscriber terminal and plural base 
stations; and 

a second step of sending to said plural base 
stations information indicating whether each 
base station serves as a master station or a 
slave station. 
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10. The assign channel distributing method as claimed 
in claim 9. wherein said first step contains a com- 
munication step of sending CH information request 
from the base station serving as the master station 
to one or more base stations serving as the slave 5 
stations, sending information held in said slave sta- 
tions as CH information to said master station, and 
then sending from said master station to said slave 
stations CH assignment information for determining 
a radio channel assignment which does not affect 10 
the surroundings. 

1 1. The assign channel distributing method as claimed 
in claim 9, wherein said second step contains a 
step of sending inherent numbers indicating the is 
master/slave assignment to said base stations. 

12. The assign channel distributing method as claimed 
in claim 10, wherein said second step contains a 
step of sending inherent numbers indicating the 20 
masterfelave assignment to said base stations. 

13. The assign channel distributing method as claimed 
in claim 10, wherein said communication step con- 
tains a step of requesting information that contains 2i 
channel interference level and a desired channel 
number, which are held in the base stations serving 

as said slave stations. 

1 4. The assign channel distributing method as claimed s 
in claim 10, wherein said first step contains a step 

of assigning a radio frequency to be used to said 
subscriber terminal on the basis of said CH assign- 
ment information. 

15. The assign channel distributing method as claimed 
in claim 12, wherein said communication step con- 
tains astep of identifying said base station serving 
as said master station on the basis of said inherent 
number. 

16. The assign channel distributing method as claimed 
in claim 9, wherein said first step contains a step in 
which when the base station serving as the master 
station cannot communicate with at least any one of 
the base stations serving as the slave stations, said 
master station communicate with the incommunica- 
ble slave station while relaying through the base 
station serving as the slave station with which said 
master station can communicate. 
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